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3 $r=r(\sigma.t)$ ( )
$r$





$\frac{\partial r}{\partial\sigma}$ $=$ $g$ (1)
$\frac{\partial d_{k}}{\partial\sigma}$ $=$ $u\cross d_{k}$ $(k=1,2,3)$ (2)
$\frac{dr}{dt}$ $=$ $v$ (3)
$\frac{dd_{k}}{dt}$ $=$ $\Omega xd_{k}$ $(k=1,2,3)$ (4)
4 $g$ $u$ $v$ $\Omega$ $d_{k}$
$g$ $=$ $g11g23$ (5)
$u$ $=$ $u_{1}d_{1}+u_{2}d_{2}+u_{3}d_{3}$ (6)
$v$ $=$ $v_{1}d_{1}+v_{2}d_{2}+v_{3}d_{3}$ (7)












$u_{1}$ $u_{2}$ $u_{3}$ (10) $\Omega$
$d_{k}$ $u_{k}$
$d_{1}=n$ , $d_{2}=b$ , $d_{3}=t$ (11)
$u_{1}=\eta$ , $u_{2}=\kappa$ , $u_{3}=\tau$ (12)
22
$r$ $d_{k}$ $r$ $d_{k}$
1
$\frac{d}{dt}\frac{\partial}{\partial\sigma}r(\sigma, t)$ $=$ $\frac{\partial}{\partial\sigma}\frac{d}{dt}r(\sigma_{\}t)$ (13)
$\frac{d}{dt}\frac{\partial}{\partial\sigma}d_{k}(\sigma,$ $t)$ $=$ $\frac{\partial}{\partial\sigma}\frac{d}{dt}d_{k}(\sigma,$ $t)$ (14)
(13) (1) (3)
$\frac{dg}{dt}=\frac{\partial_{V}}{\partial\sigma}$ (15)
$\frac{dg1}{dt}$ $=$ $\frac{\partial v_{1}}{\partial\sigma}-\omega_{2}g3+\omega_{3}g2+u_{2}v_{3}-u_{3}v_{2}$ (16)
$\frac{dg_{2}}{dt}$ $=$ $\text{ _{}-\omega_{3}g_{1}+\omega_{1g3}+u_{3}v_{1}-u_{1}v_{3}}$ (17)





$\frac{du_{1}}{dt}$ $=$ $\frac{\partial’\omega_{1}}{\partial^{t}\sigma}-\omega_{2}u_{3}+\omega_{3}u_{2}$ (21)
$\frac{du_{2}}{dt}$ $=$ $\frac{\partial’\omega_{2}}{\partial’\sigma}-\omega_{3}u_{1}+\omega_{1}u_{3}$ (22)
$\frac{du_{3}}{dt}$ $=$ $\frac{\partial^{r}\omega_{3}}{\partial\sigma}-\omega_{1}u_{2}+\omega_{2}u_{1}$ (23)





$\frac{\partial r}{\partial\sigma}$ . $\frac{\partial r}{\partial\sigma}=g\cdot g=g_{1}^{2}+g_{2}^{2}+g_{3}^{2}$’ (24)
$\sqrt{}$ $g$ $\partial’r/\partial\sigma$ $\sigma$
$r$ $\partial r/\partial\sigma$
$d\sigma$
















$\frac{ds}{dt}$ $=$ $/ \sigma\frac{1}{2}(g\cdot g)^{-\frac{t}{2}}\frac{d}{dt}(g\cdot g)d\sigma$
’
$=$ $/s \frac{d}{dt}\ln\sqrt{gg}ds’$ (30)





















(35) 2 2 $I$
$I= \int/A^{pX_{1}^{2}dX_{1}dX_{2}}$ (36)
$\Pi$







$n(\sigma, t),$ $m(\sigma, t)$ ,
$\frac{dP}{dt}$ $=$ $\frac{\partial n}{\partial\sigma}$ (40)





$\frac{dP}{dt}$ $=$ $pZ \frac{d}{dt}(v_{1}d_{1}+v_{2}d_{2}+v_{3}d_{3})$
$=$ $\rho Z(\frac{dv_{1}}{dt}-\omega_{3}v_{2}+\omega_{2}v_{3})d_{1}+\rho Z(\frac{dv_{2}}{dt}+\omega_{3}v_{1}-\omega_{1}v_{3})d_{2}$
$+ \rho Z(\frac{dv_{3}}{dt}-\omega_{2}v_{1}+\omega_{1}v_{2})d_{3}$ (42)
$\frac{m}{dt}$ $=$ $I d_{1}x\frac{d^{2}d_{1}}{dt^{2}}+Id_{2}\cross\frac{d^{2}d_{2}}{dt^{2}}$
$=$ $I( \frac{d\omega_{1}}{dt}+\omega_{2}\omega 3)d_{1}+I(\frac{d\omega_{2}}{dt}-\omega_{1}\omega_{3})d_{2}+2I\frac{d\omega_{3}}{dt}$ $d$3 (43)
$n$ $=$ $n_{1}d_{1}+r\iota_{2}d_{2}+7t_{3}d_{3}$ (44)
$m$ $=$ $m_{1}d_{1}+m_{2}d_{2}+m_{3}d_{3}$ (45)
$\frac{\partial n}{\partial\sigma}$ $=$ $( \frac{\partial n_{1}}{\partial\sigma}-r\iota_{2}u_{3}+n_{3}u_{2})d_{1}+(\frac{\partial n_{2}}{\partial\sigma}+n_{1}u_{3}-n_{3}u_{1})d_{2}$
$+( \frac{\partial n_{3}}{\partial’\sigma}-n_{1}u_{2}+n_{2}u_{1})d_{3}$ (46)
$\frac{\partial m}{\partial\sigma}+\frac{\partial r}{\partial\sigma}\cross n$ $=$ $( \frac{\partial’m_{1}}{\partial\sigma}-m_{2}u_{3}+m_{3}u_{2}+g_{2}n_{3}-g3n_{2})d_{1}$
$+( \frac{\partial’m_{l}}{\partial\sigma}+\pi\iota_{1}u_{3}-m_{3}u_{1}-g1n_{3}+g3n_{1})d_{2}$
$+( \frac{\partial m_{3}}{\partial’\sigma}-rn_{1}u_{2}+m_{2}u_{1}+g_{1}n_{2}-gn)d_{3}$ (47)
96
$d_{i}(i=1,2,3)$ (42) (46)
$\rho Z\frac{dv_{1}}{dt}$ $=$ $\frac{\partial n_{1}}{\partial\sigma}+\rho Z(\omega_{3}v_{2}-\omega_{2}v_{3})-n_{2}u_{3}+n_{3}u_{2}$ (48)
$\rho Z\frac{dv_{2}\prime}{dt}$ $=$ $\frac{\partial’n_{2}}{\partial\sigma}-\rho Z(\omega_{3}v_{1}-\omega_{1}v_{3})+n_{1}u_{3}-n_{3}u_{1}$ (49)
$\rho Z\frac{dv_{3}}{dt}$ $=$ $\frac{\mathcal{M}_{3}^{t}}{\partial\sigma}+\rho Z(\omega_{2}v_{1}-\omega_{1}v_{2})-n_{1}u_{l}+n_{2}u_{1}$ (50)
(43) (47)
$I \frac{d\omega_{1}}{dt}$ $=$ $\frac{\partial m_{1}}{\partial’\sigma}-I\omega_{2}\omega_{3}-m_{2}u_{3}+m_{3}u_{2}+g2n_{3}-g_{3}n_{2}$ (51)
$I \frac{d\omega_{2}}{dt}$ $=$ $\frac{\partial rr\iota_{2}}{\partial\sigma}+I\omega_{1}\omega_{3}+m_{1}u_{3}-m_{3}u_{1}-gn+g3^{7l}1$ (52)








$\frac{dr}{dt},$ $\frac{dd_{k}}{dt},$ $\frac{dv}{dt},$ $\frac{d\Omega}{dt},$ $\frac{du}{dt},$ $\frac{dg}{dt}$
$n,$ $m$ 6
(hyperelastic rod)





$n_{j}$ $=$ $E_{j}(g_{j}-\hat{g}_{j})$ (56)
$m_{j}$ $=$ $G_{j}(u_{j}-\hat{u}_{j})$ (57)










$0$ $=$ $\frac{\partial’v_{1}}{\partial’\sigma}-\omega_{2}g3+\kappa v_{3}-\tau v_{2}$ (59)
$0$ $=$ $\frac{\partial v_{2}}{\partial\sigma}+\omega_{1}g_{3}+\tau v_{1}-\eta v_{3}$ (60)
$\frac{dg3}{dt}$ $=$ $\frac{\partial’v_{3}}{\partial’\sigma}+\eta v_{2}-\kappa v_{1}$ (61)
(21) $\sim(23)$
$\frac{dr/}{dt}$ $=$ $\frac{\partial\omega_{1}}{\partial\sigma}-\omega_{2^{\mathcal{T}}}+\omega_{3}\kappa$ (62)
$\frac{d\kappa}{dt}$ $=$ $\frac{\partial\omega_{2}}{\partial\sigma}-\omega_{3}\eta+\omega_{1^{\mathcal{T}}}$ (63)
$\frac{d\tau}{dt}$ $=$ $\frac{\partial’\omega_{3}}{\partial\sigma}-\omega_{1}\kappa+\omega_{2}\eta$ (64)
$v_{3}= \frac{1}{2}\kappa^{2},$
$v_{1}=\kappa_{\sigma},$ $v_{2}=0,$ $\eta=\tau=0$ (65)
2 (59) $\sim(64)$ 1
$\kappa_{t}=\kappa_{\sigma\sigma\sigma}+\frac{3}{2}\kappa^{2}\kappa_{\sigma}$ (66)
$KdV$
$v_{3}$ $=$ $-\kappa^{2}-\eta^{2},$ $v_{1}=-2(\kappa_{\hslash}+\tau\eta)$

















$\psi(|s, t)=\kappa f\exp(is\sqrt{\kappa_{f}^{2}/2+v/2}+i(2\kappa_{f}^{2}-v)t)$ (74)
$\kappa$ $=$ $\kappa_{f}\cos c(s+vt)$ (75)

































$p$ 1 4 3
1
313BCA
CA [11] Burgers CA(BCA)






$j+1$ $\min(U_{j}^{t}, L-U_{j+1}^{t})$ $i$
inir$1(U_{j-1}^{t}, L-U_{j}^{t})$ $i$ {5 $F$
$U_{j}^{t+1}=U_{j}^{t}+ \min(U_{j-1}^{t}, L-U_{j}^{t})-$ iniri $(U_{j}^{t}, L-U_{j+1}^{t})$ (79)







1) (Burgers [14] ) 2)
( [15] ) 3) CA 3









(80) Cole$=$Hopf $u=f_{x}/f$ $f_{t}=f_{xx}$
CA
$f_{j}^{t+i}-f_{j}^{t}=\delta(f_{j+1}^{t}-2f_{j}^{t}+f_{j-1}^{t})$ (81)
$\delta=\Delta t/\Delta x^{2}$ $\Delta t$ $\Delta x$
Cole$=$Hopf $c$ $u_{j}^{t}=cf_{j+1}^{t}/f_{j}^{\iota}$
(81) $u$
$u_{j}^{t+1}=u_{j}^{t} \frac{1-2\delta+\delta(u_{j^{+^{u^{\iota_{C}}})}}\urcorner c\cdot-\llcorner+\underline{1}}{1-2\delta+\delta\lrcorner}$ (82)
CA
$u_{j}^{t}= \exp(\frac{L_{j}^{\gamma t}}{\vee\prime})$ , $\frac{1-2\delta}{c\cdot\delta}=\exp(-\frac{1\backslash I}{\sigma})$ , $\frac{1}{c^{2}}=\exp(-\frac{L}{\epsilon})$ (83)
$\epsilon$ $\delta,$ $c$ $L,$ $M$
$\epsilonarrow+0$
$\lim_{\epsilonarrow+0}\in\log(\exp(\frac{A}{\epsilon})+\exp(\frac{B}{\epsilon}))=m_{\dot{C}}\iota x(A, B)=-\min(-A, -B)$ (84)
(82)
$U_{j}^{t+1}=L^{r_{j}^{t}}+ \min(M, U_{j-1}^{t}, L-U_{j}^{t})-\min(M, U_{j}^{t}, L-U_{j+1}^{t})$ . (85)
BCA $M>0,$ $L>0$ $j$ $0\leq U_{j}^{t}\leq L$
$i$ $0\leq U_{j}^{t+1}\leq L$ (79) $\{0,1, \cdots, L\}$
$(L+1)$ 3 CA (79) $L=M=1$
$0$ 1 CA 184
2 $M$














$x_{i}^{t}$ Lagrange $i$ $t$
(87) (86) Lagraiige
$x_{i}^{t+1}=x_{i}^{\iota}+mirl(L, x_{i+L}^{l}-x_{i}^{l}-L)$ (88)
[17] Lagrange BCA $L=1$
184 (88)
$x_{i}^{t+1}=x_{i}^{t}+ \min(V, x_{i+S}^{t}-x_{i}^{t}-S)$ (89)
$V=S=L$ (88) $V$ $S$
$S=1$ Lagrange $-(x_{i}^{t}-x_{i}^{t-1})$
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